
jy^TENT SPEGIFIGATK^ 



891,152 



Date of Application and filing Complete Specification: 

June 3. 1958. No. 17641/58 

Application made in Switzerland on November 21. 1957 

Complete Specification Published: March 14, 1962 



Index at Acccptance:-^lasses 59, A7(D:E:F); 1(1), F22B; 1(2), A13; 1(3), B2; 86, C27; and 96, 
A(1:3D:3X). 

International Classification:— B02d. BOlf. B02g. D21b. 

COMPLETE SPECIFICATION 
DRAWINGS ATTACHED 
A Method and Apparatus for Continuously Changing the Structure of Substances 

or Mixtures of Such Substances 



I, Peter Willems, trading as Forschungs- 
institut Professor Ing.-Chem. Peter Willems, 
of Steinhofhalde 20/22. Lucerne, Switzer- 
land; stateless, do hereby declare the inven- 

5 tion. for which I pray that a patent may be 
granted to me, and the method by which it 
is to be performed, to be particularly de- 
scribed in and by the following statement:— 
This invention relates to a method and 

10 apparatus for continuously changing the 
structure of gaseous, liquid and/ or solid sub- 
stances or mixtures of such substances, for 
example of fibrous and elastic agglomera- 
tions and conglomerations of materials, by 

15 means of complexes of physical and kine- 
matic effects, by subjecting the substances to 
vibrations at frequencies up to high super- 
sonic frequencies, for dissolving, mixing, 
atomizing, disintegrating, decomposing, pulp- 

20 ing, fibrising, homogenizing, refining, and for 
initiating and carrying out chemical re- 
actions and processes of any kind. 

Well known apparatuses for dispersing, 
homogenizing, decomposing, pulping and 

25 fibrising gaseous, liquid, solid and fibrous 
substances usually comprise relatively dis- 
placeable rigid disintegrating tools by which 
the substances are mechanically treated by 
shearing, bouncing, reflection and the like, 

30 whereby the substances to be treated are 
allowed to move along the shortest possible 
path in radial outward direction through the 
disintegrating tools. 
The method according to this invention 

35 comprises distributing portions of the sub- 
stances into a plurality of chambers dis- 
posed on a generally circular line, subjecting 
the substances while within said chambers 
to oscillations in a direction generally tan- 

48 gential to the circular line, transferring por- 
tions of said substances from said chambers 
into a plurality of further chambers radially 
spaced from said first chambers on a gener- 



60 



ally circular line substantially concentric 
with said first line, and subjecting said sub- 45 
stances while within said further chambers 
to oscillations in a direction generally tan- 
genti^ to the second-mentioned line. 

Apparatus according to the invention, 
suitable for carrying out this method, com- 50 
prises a first plurality of chambers disposed 
on a generally circular line, a second plural- 
ity of chambers radially spaced from said 
first chambers on a generally circular line 
substantially concentric with said first line, 55 
the chambers within each plurality of cham- 
bers being separated by osdBatory members, 
and means for renting at least one of the 
sets of chambers collectively about the com- 
mon centre of the two lines. 

In a preferred manner of carrying out this 
invention the substances are distributed into 
a rapidly increasing number of chambers by 
relative displacement of the chambers at a 
high velocity, whereby the particles of the 65 
substances are increasingly atomized.^ The 
particulars of reduced size obtained in this 
manner are pressed through the separate 
chambers of relatively small size (for in- 
stance 100 to 500 nun^) under the action of 70 
overpressures varying pulsewise at high 
frequencies thereby overcoming counter 
pressures, the particles being thereby sub- 
jected to extremely high accelerations. The 
oscillatory pulsewise pressure variations act- 
ing on the particles contained in the treating 
chambers may be produced in accordance 
with the requirements of the substance or 
substances to be treated at frequencies in the 
audiofrequency range and in the supersonic 
frequency range. Preferably the particles are 
treated on their passage through the treating 
chambers during time intervals ranging from 
fractions of a second up to several seconds, 
so that every particle is subjected eitiier in 85 
one particular treating chamber and/or 
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25 fibrising gaseous, liquid, solid and fibrous 
substances usually comprise relatively dis- 
placeable rigid disintegrating tools by which 
ihe substances are mechanically treated by 
shearing, bouncing, reflection and the like, 

30 whereby the substances to be treated are 
allowed to move along the shortest possible 
path in radial outward direction through the 
disintegrating tools. 
The^method according to this invention 

35 comprises distributing portions of the sub- 
stances into a plurality of chambers dis- 
posed on a generally circular line, subjecting 
the substances while within said chambers 
to oscillations in a direction generally tan- 

40 gential to the circular line, transferring por- 
tions of said substances from said chambers 
into a plurality of further chambers radially 
spaced from said fint chambers on a gener- 



manner <iic j^icaavu tiiit^u£,*« 

chambers of relatively small size (for in- 
stance 100 to 500 mm^) under the action of 70 
overpressures varying pulsewise at high 
frequencies thereby overcoming counter 
pressures, the particles being thereby sub- 
jected to extremely high accelerations. The 
oscillatory pulsewise pressure variations act- 75 
ing on the particles contained in the treating 
chambers may be produced in accordance 
with the requirements of the substance or 
substances to be treated at frequencies in the 
audiofrequency range and in the supersonic 80 
frequency range. Preferably the particles are 
treated on their passage through the treating 
chambers during time intervals ranging from 
fractions of a second up to several seconds, 
so that every particle is subjected either in 85 
one particular itreating chamber and /or 
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when passing from one chaml^r ") another 

SLaonS The particles of the s^^^^^^^^^^^^^^ 
1 or substances treated in one particular Cham 
h^r are released in the direction ot the 
Jadient S increasing pressure m the said 
n!,rticiilar chamber nto another chamoer 
Cugh a sHt. this slit .being periodica^ 
10 oDened for a short time interval. This slit 
and the duration of its open condition are 
so small that passage of a particle of the 
s2bs™nce from one treating chamber to an 
o"E is only possible subject to an increas- 
15 S disinte/ralion of the substance to p«- 
'Ucle sizes 'njl^^^^rfitrra' 

,0^;j?surTSrtS:p£saSdSS^ 
and feeding of the substances to be treated 
from one lharaber to another are proceed 
bv a number of positive kinematic chams 
formed by ihe walls of the treating chambers 

25 and by the substance or substances treated 

'"/„"aMSto Ae primary audio or super- 
so kSuSions proSuced by the igeja^^^^^^ 
r>f the edaes of the oscillating members nym^ 
30 plfeach other, secondary pulses and waves 
are produced in the treatmg chambers by the 
adiaS vibrating oscillating members. 
Thus interference waves are produced w.*- 
7n the substances filling the treating cham- 
•^S bers the frequencies of such interference 
Ss Sng a multiple of the frequency P^^ 
duced by the relative displacement of the 
oscillating members per se. When as set 
out above, the substances to bej^f/ 
40 practically enclosed m ^^^'J^f'^'^t 
a certain length of time mst^^d of stteammg 
through the k nematic system along tne 
shortest iwssible path, the substances may be 
treated in the treating chambers to an extent 
45 Sknown and not i^ssible with the treating 
methodTand treating apparatuses known up 

^°Hvr embodiments of the apparatus for 
carrying out the method accordmg to this 
50 invention are shown by way of example m 
the attached drawings in which 

Fig 1 is an axial section of the first era 
bodiment having a horizontal generator 

55 ^^Fig. 2 is a view from the left in Fig. j. 
partially in section along Ime IWI \ 
Fig 3 is a reproduction of a part of Fig. 2 

""F^a'Tis'S'axial section of a second 
^•^^t^T^'an axial section of a third em- 

^S^fis an axial section of a fourth em- 
65 'lirTVaJ axial section of a multi-stage 



embodiment of this invention ^ 

vo 0 haviSg an inner annular row of mem- 
bers 3 for ^^"^"^"Sal acceleration ot the 
substances to be treated and three annular 
rows of oscillating members 5 ^nd 6 hxeo 
f>n a rin" disc 7 inserted into the rotor z, n 
I c oscUfatlng members consistiiig o steel, 
ckd tanium. molybdenum, chromium or 
S aUoy of such metals. Pairs of adjacent 
oLSng members 4 5 and 6 enclo^ an 
acoustic treating chamber 8, 9 ana lu re 
snectively between each other. The number 
of acoustic chambers (having a voluii^ of 
say 100 to 500 mm'O increases J" outward 
&n. and in the embod^ent shown by 
wav of example row 4 has //. row d u" 
rl and row'^S has 180 acoustic chambm 
8 9 and 10 respectively. A conical member 
lo fixed on shaft 1 enters into the hollow 
soace 31 whereby a perfect filling and guid- 
J^of Kubstances to be treated are ob- 50 
ing 01 uic » conical member 

STl 0 pSKnS of the hollow space 
A collecting canal 13 surrounding he 
generator is attached to the casing of the 
SI or by means of discs 14 and 15, this 95 
Generator casing being mounted (in ? « 
not shown in detail) on a supporung struc- 
ture 11 The disc 15 carries the stator 16 
compr sing four annular rows of oscillating 
nSers 17, 18. 19 and 20 respectively, such 100 
Slat ng members being made of a material 
cSle of oscillation, for mstance one of 
Jhe above mentioned metals or alloys there- 
of The row of stator oscillating members 
17 nrrviects between the rows of rotor oscil- 105 
SiKel^lSf 3 and 4. the row 18 oEstator 
^dilating members projects between the 
owlTrotor oscillating ^f^^'^Jjf.^ 
and so on. On rotation of the rotor 2 the 
rows Sf rotor oscillating members closely fly HO 
na^ the rows ot stator oscillating members 

|^^?a^&Sli1« 

ifhas 168 and row 20 has 200 acoustic 
treaS chambers. The distance between 
the surfaces of the stator and rotor carrying 120 
he oscillat ng members may be constant as 

the generator. By way of example, the 
EtaS between the faces carrying the os- 
J lffiS members may increase in radial l-l. 
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outward directiolRb that the volume of the 
acoustic chambers and the axial length of 
the oscillating members increase towards the 
periphery. Due to this increase in volume, 
5 tearins of the substances and increasing 
underpressure and consequently increasing 
cavitation are obtained when the substances 
are fed towards the periphery. 
While in the embodiment of Figs. 1 to 3 
10 the substances to be treated are sucked in 
and subjecled to centrifugal acceleration by 
means of the members 3 disposed in the 
central chamber 31 of the generator, the sub- 
stances being fiung into the acoustic treating 
15 chambers under pressure and being disin- 
tegrated into fine particles, such feeding or 
pumping members 3 may be omitted and 
means located outside the generator, such as 
a pressure pump or a head of liquid upstream 
20 of the generator or a suction pump down- 
stream of the generator may be provided.^ It 
is further possible that sufficient suction 
power is obtained by the action of the roat- 
ing rows of oscillating members of the rotor 
25 without separate feeding and pumping m^- 

bers 3. . ^ u 

In order to obtain trcaUng of the sub- 
stances in a simple manner and in a con- 
tinuous flow of the substances through the 
30 above described generator, whereby the sub- 
stances are subjected to pulses and oscilla- 
tions propagating in the treating space in the 
manner of waves, and in order to obtain easy 
control of the transit time of the substances 
35 through the sound-generator, an inlet or suc- 
tion pipe 25 is connected to the ringshaped 
disc 15. The collecting canal 13 has an 
outlet piece 26 through which the sub- 
stances flung from the acoustic treating 
40 chambers 14 into the canal 13 may con- 
tinuously flow oS, for instance into a pipe 27 
or to any other place. Since the sound 
generator is mounted in a casing having an 
inlet pipe 25 and a collecting canal 13 with 
45 an outlet piece, it is possible to reg;ulate in 
any desired way the flow velocity of the 
substances through the generator and the 
duration of treatment of the substances in 
the generator. By means of a regulating 
•50 valve 28 arranged in the inlet pipe 25 the 
quantity of substances flowing into the 
generator per time unit, for instance per 
second, may be regulated as desired. A 
similar regulating valve 29 may be provided 
:'5 in the outlet piece 26 of the generator in 
order to regulate the flow velocity of the 
substances through the sound generator and 
for controlling the sound-treatment and 
pressure conditions in the generator and the 
•60 duration of treatment of the substances in 
the acoustic chamber. Instead of the valve 
28 and/or the valve 29 other suitable regu- 
lating means may be used, for instance a 
standpipe may be connected to the generator 
•65 outlet instead of the valve 29, the standpipe 



opening into a container located at a level 
above the generator. The counter pressure 
thus produced in the standpipe may be ad- 
justed to any desired value by providing a 
standpipe having outlet openings at different 7a 
levels whereof the one may be opened for 
freely releasing the substances, whereas the 
other openings are closed. Instead of valves, 
iris diaphragms or variable-section pipe 
pieces may be inserted into the inlet or out- 75 
let pipe of the generator and all these means 
may be controlled manually or automatic- 

Details of the generator shown m Figs. 1 
to 3 may be changed in various ways. For 80 
instance, the peripheral surfaces of the mem- 
bers 3 and of the oscDlating members 4 to 6 
and 17 to 20 may be arranged on coaxial 
conical surfaces so that by relative axial dis- 
placement of the rotor and stator of the 85 
venerator the gap width between the rows of 
oscillating members and chambers respec- 
tively may be varied. By adjusting the gap 
width to a very small value a rubbing and 
milling effect may be obtained in addition 90 
to the said acoustic irradiation, this being 
of particular use when treating fibrous 
materials. The radial distance between par- 
ticular cooperating oscillating members of 
the stator and rotor or of groups of such 95 
oscillating members may be different so that 
some of the oscillating members rotating 
relatively to each other will provide for a 
milling and rubbing treatment whereas the 
remaining oscillating members will only be iw 
operative for feeding the substances. By 
this means a complex treatment similar to 
the one obtained with an edge or plug mill is 
obtained. The operation and effect of the 
generator may be changed within a wide 1^^ 
range by particular design of the cooporat- 
ing oscillating members. A shearing effect 
may be obtained by sharpening the edges of 
the cooperatmg oscillating: members. If , on 
the other hand, such edges are rounded off a 110 
beating and bumping effect is obtained 
rather than a shearing effect. If the distance 
between cooperating oscillating members is 
very small a shearing effect is obtained with 
sharp edges whereas a crushing or comoress- 11- 
ing effect similar to the effect of an edge or 
■plug mill is obtained with rounded edges. 
When the oscillating members are rounded 
off at their fore faces as seen in their rotat- 
ing direction, or the oscillating members 120- 
have a drop-shaped cross section ^yith the 
rounding of the tip in the rotating direction, 
working of thbcothropic or pasty substances, 
such as are encountered with high concen- 
tration cellulose deposits is substantially 1-^5 
facilitated. As a result of numerous experi- 
ments it was found that by means of ihe 
apparatus according to this invention, for in- 
stance reducing of fibre bundles and shearing 
and /or milling, swelling and producing other 130 
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states of cellulose is possible up to very 
concentrations of 10% and m<>f ; .1?°^;^' 
to obtain such favourable results not feasible 
with known apparatus the generator is pre- 
5 ferably so designed that the innermost row 
of osallating members and acoustic cham- 
bers respectively has greater gaps or cham- 
bers between adjacent osciUatmg naembers 
such particularly large chambers being able 
10 to take up the flocky or lump particles of 
the substance being fed from a coarse dis- 
solver directly to the generator The sub- 
stance is accelerated by the oscil ating mem- 
bers and is distributed under high pressure 
15 into the acoustic chambers of the next 
sreater row of oscillating members and 
acoustic chambers respecUvely, whereby a 
relative displacement occurs between such 
adjacent rows. The outer row has an ap- 
20 preciable higher number of radial, acousttc 
chambers. A further row of oscillating rnem- 
bers and acoustic chambers respecUvely is 
displaced relatively to the last-mentioned 
row and outside the same, this further row 
25 having a still finer division, that is, having a 
still creater number of acoustic chambers. 
The number of concentric rows of oscillating 
members and acoustic chambers respectively 
may be increased as desired m order to ob- 
30 tain the required results and particularly the 
required degree of disintegration of the par- 
ticles of substances to be treated. Since, in 
accordance with the increasingly finer divi- 
sion of the rows the oscillating members en- 
35 closing the acoustic chambers between each 
other become thinner towards the penphery 
of the generator, the natural frequency of 
such members, and more generaUy speaking 
the oscillating properties of such members, 
40 ate different in different rows of oscillating 
members. The action of Ae o«;illating 
member is comparable with that ot a mul- 
tiple tuning fork, the oscillating members 
being set to oscillation by the oscillatmg 
45 members of other rows Aying closely past 
the oscillating members at a high relaUve 
velocity. The acoustic chambers between 
the oscillating members are similar to a 
whistle and more particularly a Galton pipe. 
50 The apparatus has a great nuinber oi 
acoustic cWbers and may therefore be 



compared with a Galton-organ. wherein the 
acSic chambers of the different rows a e 
aSed concentrically or approximately 
Sntrically to each other and wherm^^^^^^^ 55 
frpQuencv varies from row to row in accoru 
an?e >5uh Ac dimensions of the oscillating 
memberrand their natural i^^^^V^^ 
the width of the acoustic chambers. There- 
o« the substances when flowing pulsewise 60 
hrouRh the apparatus from the innermost 

X ol oscin^^n^^^tTrdfLTeS 
chambers respect vely outwards, are treaiea 

by puS created by the meeting or crossing 
of the relatively displaced oscillating mem- 65 
bers and acoustic chambers of one row with 
the oscmating members and acoustic cham- 
bers restively of an adjacent or two ad- 
jacent rows, the frequency of such pulses 
dcD^ndin" on the number of such meetings 70 
o?crossings per time unit, for instance per 
second These pulses are, as explained later 
on of very high specific intensity and power 
The intensity of the pulses depends in the 
fi st instance on the total energy apphed to 75 
li e sound-generator and on the number of 
andThe diltance between adjacent acoustu: 
chambers of one and the same row of osci " 
latins members and acoustic chambers re 
swcUvely, and on the total number of oscil- 8C 
Srmembers and acoustic chambers o 
the generator. Each row enclosing a smaller 
nner iw of oscillating members ana 
acoustic chambers and thinner oscillating 
SbTrs, produces an o[^rating frequency 
of the pulses increasing from row to row 
and therefore an acoustic irradiation of the 
substances flowing through the apparatus at 
increasing frequencies is obtained. Freier- 
ably the subdivision of the rows into oscil- 90 
latins members and acoustic chamber is so 
de fced in the outer rows of the apparatus 
that very high supersonic frequencies naay 
be obtained as illustrated in the numencal 

"'liT^hls^exam^l'' Ae apparatus according 
to the invention has three rows K„ Ki, 
of oscillating members and acoustic cham- 
bers respectively on the ro or and three 
similar rows St„ St,., St, on the stator. the 100 
numerical values being as follows : 



Inner diameter in mm 
Outer diameter in mm 
105 Outer circumference in mm 
Number of acoustic chambers 
Circumferencial width of acousUc chambers 

Circumferential thickness of the oscillating 
110 members in mm _ . . . „ , 
Total cross section of chambers m cm^ 
Frequency (kilocycles /second) _ 
tSi number of chambe« 520. Frequency 
Mean opening period of chambers: 1/600 



12 



Sti 


Rs 


St. 


190 


209 


226 


208 


225 


244 


653 


707 


767 


60 


72 


90 


6 


5 


4 


4.88 


4.82 


4.52 


54 


54 


54 


18 


216 


324 



St3 

262 
280 
880 
168 
2.2 



3.04 
54 



3.6 
54 

558 1041.6 



sec. 



explain 
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For further explaining the physical effects 
occurring in the apparatus it may be stated 
that all these effects may occur simultane- 
ously or that groups of such effects or smgie 
5 effects may occur at a time. 

1) The acoustic irradiation of the sub- 
stances in acoustic chambers: 

The primary sound or supersonic oscilla- 
tion produced by the meeting or crossing of 
10 the oscillating members of adjacent rows 
flying past each other at high velocity, pro- 
pagate m radial direction la the coustic 
chambers which are substantially radially 
disposed round the axis of the apparatus. 
15 the frequency of the oscillations being deter- 
mined by the frequency of successive meet- 
ings or crossings of oscillating members. In 
an. aqueous liquid such oscillations are pro- 
pogated at a velocity of about 1500 m/sec. 
20 Simultaneously, secondary waves of fre- 
quencies up to highest supersonic frequen- 
cies are produced in the acoustic chambers 
by the vibration of the oscillating members 
adjacent such acoustic cham.bers. Such 
23 secondary waves propagate transversely to 
the radial direction, that is in tangential or 
circumferential direction, through the acous- 
tic chambers and through the substances 
contained in such chambers at a velocity in 
JO the order of 1500 m/sec, the frequency of 
such secondary waves being primarily deter- 
mined by the natural frequency of the oscil- 
lating members. Thereby the sound waves 
emitted from the one oscillating member 
35 liiniling an acoustic chamber are reflected by 
the other oscillating member limiting the 
same acoustic chamber. Thereby interfer- 
ence waves are set up in the acoustic treat- 
ing chambers containing the substances to 
40 be treated, the frequency of such interference 
waves often being a multiple of the natural 
frequency of the oscillating members. The 
frequency of two secondary waves eniitted 
by adjacent oscillating members limiting an 
45 acoustic chamber and propagating in oppo- 
site direction is increased by the crossing 
and interference of such waves, while the 
amplitude and conseauently the energetic or 
specific effect of such interference waves de- 
.50 creases as the frequency increases. Of 
course the intensity of such secondary and 
interference waves also decreases due to 
absorbtion by the substances to be treated. 
The number and the rotating speed of the 
55 oscillating members may be chosen in a 
manner that, in order to obtain maximum 
treatment of the substances by the pulses and 
oscillations occurring in the acoustic cham- 
bers, the substances are kept back in the 
OO chambers for a short time interval (for in- 
stance during 1/140 sec.) by the oscillating 
members flying past the chamber openings, 
or at least the radial acceleration of the sub- 
stances is suddenly braked or. broken when- 
b5 ever the substance flows over from one 
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85 



90 
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acoustic chamber to another one. In accord- 
ance with a duration of 1 / 140 sec. for which 
the substances are kept in the chambers, the 
opening period during which the substances 
are allowed to flow out of the chambers is 
of the order of 1/600 sec. Consequently tne 
substances, when changing over from one 
chamber to another, are pulsewise pressed m 
extremely small quantities (of the order of 
one or several mgr at a time) into the next 
chamber, and are also pulsewise flung out ot 
ihe chambers and are continuously further 
disintegrated. Thereby the accelerated 
columa of substances is always broken by 
the oscillating members of the next outer 
row. and therefore the substances are not 
only subjected to the above mentioned 
pulses and oscillations within the chambers 
but the substances are further subjected to 
cavitation effects increasing with increasing 
diameter of the rows whenever flowing over 
from one chamber to another. By the tem- 
porary, at least partial, enclosing of the 
substances in a chamber limited by oscUlat- 
in<^ members constituting vibrating chamber 
walls, the substances only flow over into a 
chamber of the next outer row of oscillating 
members and acoustic chambers respectively 
after being transported over a certain cir- 
cumferential distance in the said first cham- 
ber. Therefore, during their passage through 
the apparatus, the substances will be fed 
along a spiral consisting of stages 56 (Fig. 
3). v/hereby the pitch of each stage corres- 
ponds to the radial advance of the particles 
contained in the chamber during one opening 
period of the chamber (that is m the ex- 
ample referred to above in the order of 
1/600 sec.) whereas the peripheral advance 
of the particles in one chamber of the rotor 
is a function of the circumferencial velocity 
and of the radial advance of the substance 
per second, this radial advance being con- 
trolled by regulation of the inlet and /or out- 
let of the apparatus, as explained above. 

With suitable choice of the total number 
of oscillating members and with sufficiently 
high rotating speeds acoustic frequencies of 
over 20,000 cycles /second, for instance fre- 
quencies of 1000 to 10.000 kilocycles /second 
may be obtained. Further, by proper choice 
of the number of chambers into which the 
substance flowing freely in from the central 
space 31 is distributed, and of the meeting 
or crossing frequency of the oscillating 
members and chambers respectively, ex- 
tremely small primary particles of the sub- 
stances of the order of a few milligrams: (for 
instance 1 to 5 mgr) may be produced, such 
particles being stepwise accelerated by the 
chambers along a spiral-shaped path and 
treated in the chambers by high frequency 
pulses. The oscillating members may be de- 
signed in such a manner that they are set 
into oscillation whenever meeting or crossing 
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an oscillating member of an ad]acent row, 
the so-produced oscillations being radiated 
into the substances contained m the cham. 
bars limited by the oscillating member The 
5 size of the acoustic chambers and of the 
o^iUa ing members may be decreased pre- 
Sly towards the Periphery of the genera^ 
or. and oscillating members havmg the form 
of needles attached to the carrying rings may 
10 be used. Of course, all the oscillatory mcm- 
bers of the generator may be of the size o 
needles. It Fs further possible to use rows of 
such needles which are axidly d^sp ^ceabk 
relatively to each other. The axial leng h 
15 of the Osculating m^^n^"' P^^icularly 
when needle-shaped members of very small 
cross section arc used, may be very small. 
With oscillating members of the size ot 
needles a disintegration of organic suD- 
20 stances down to the size of the cellular struc- 

ture thereof is possible. 

At the exit of the generator the substances 
may be thrown into a space wherein the 
substances may further be treated b^ puls^ 
25 and waves of different frequencies, this being 
particularly possible when the h^ a 
hollow inner surface, being "Stance of 
parabolic axial section. This hollow surface 
may be made of a material for instance 
30 steel, having a suitable natural frequency so 
that maximum reflection of pulses and 
waves occurs on this hollow surface. For 
obtaining good reSectipn the surface may 
be worked very smoothly m order to form a 

Due to'^lhrabove-mentioned possibility of 
axial displacement between the stator and 
the rotor the gap width between the oscillat- 
ing members flying past each other may for 
40 instance be adjusted in such a way hat as 
an example cellulose fibers of much smalle. 
size than the adjusted gap width are only 
acoustically irradiated in the manner de- 
scribed in the foregoing, but such cellulose 
.15 fibres are not sheared and consequently not 
damaged. However, if sheanng of the fibers 
is desired the gap width may be reduced to 
values near zero. 
2) The kinematic treatment: . 
50 a) With every oscillation of two oscillating 
members one particle or a small quantity re- 
spectively of the substances flowing into tbe 
"enerator is pressed into an acoustic diam- 
ber of the next greater row of oscillatmg 
55 members and acoustic chambws Kspec- 
lively Within each acoustic chamber tne 
flowing velocity of the so sheared particles 
is suddenly substantially increased. Assum- 
ine for instance that the total section of the 
60 acoustic chambers is 1/3 of the total section 
of the row. the flow velocity of the par- 
ticles flowing into a chamber is suddenly in- 
creased to three times its velocity between 
the rows of acoustic chambers. In practice. 
6S the flow velocity depends on the prescribea 



inlet and or outlet velcc ty '"to and out of 
the apparatus respectively. This may be 
obtained in a simple manner by changmg the 
flow iction of tlie outlet for mstan^ by 
means of the regulating valve 29. Theretore, 
S the transit time of the substances for 
Sn" throuah the apparatus is increased 
mSd by paftially throttling the outlet sec- 
ion the transit time of the substances for 
flowing through . the individual acoujic 75 
rliaml^rs is also ncreased 10-fold, piovidea 
£t the o'al width of the chambers remains 
constant, for instance 1/3 (rf the circujnfer- 
encial length of the row of . chambers. In 
accordance with this advancing velocity the m 
voSe of the particles produced may be 
calculated. The number of so produced 
Sles equals the total frequency o he 
Serator. With a total frequency of the 
IppSus of say 2.370.000 cycles/second 85 
(as is obtained in a numerical example set 
out below) and with a flow quantity of 
40,000 liters per hour, a flow quantity of 
11 liters or 11.000.000 mg per second is ob- 
tainSl. this quantity being first .^bd-J^ded 90 
into particles having a mean of 4.6 

mgr when the specific weight of the sub- 
stance to be treated is 1.0. Each of these 
pSes of 4.6 mgr mW be treated by 
853,200 pulses during its transit time of 95 

0.36 seconds. , . , 

b) The bouncing effect, produced by the 
fact that the substances are thrown by the 
one oscillating members against the edge 
and the flanks meeting in this edge of the 100 
oscilladng members of the next greater row 
of Siting members and acoustic cham- 
bers respectively- causes a diffuse bouncmg 
of the substances from the edge and l^anks 
of the outer oscillating members. This dif- 105 
fuse bouncing effect depends on the com- 
bined action of the acceleration of the sub- 
stances, the tangential coinponent of accele^ 
ration being a linear function ot the rotating 
speed whereas the radial component of UO 
acceleration increases with the second power 

''^cJ^ mt^lti?l?and diffuse, reflection 
occurring due to the co-operation of Oie 
S.ve mentioned kinematic actions causes a 115 
very intensive turbulence within the acoustic 
chambers, this t^bulence allowing a m^ 
effective homogenizmg of the different par- 
ticles of the substances. 

d) Due to the said multiple and diffuse re- 120 
flection a very intensive m^particular and 
intermolecular friction is obtained, this fric- 
tion resulting in an in<^rease in tmperature 
within the generator, provided that the dura 
tion of the treatment is sufficiently long. The 125 
interparticular and intermolecular friction 
particularly adds to the disintegration and to 
changes of the state of agiregation and. 
possibly in combination with the heat pro- 
duced by the friction, initiates and acceler- 130 
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ates desired cSmical reactions. In this 
way catalytic or non-catalytic syntheses may 
be carried out easier, more rapidly and more 
homogeneously. However, the above-men- 
5 tioned effects may also assist opposite re- 
actions, for Instance depolymensation. and 
more generally speaking chemical changes 
of substances in different senses. The 
kinetics of reaction and the most suitable 
10 composition of the reagents for such chemi- 
cal processes must be investigated from case 
to case. . , 

In accordance with the requirements of 
the substances to be treated tlie flow section 
15 of the acoustic chambers, the thickness and 
The material of the oscillating member, the 
number of the latter per row. the number o 
treating stages that is. the number of rows 
of oscillating members and acoustic chara- 
•0 bers respectively, the diameter of f^b rows 
and the rotating speed are adjusted. An in- 
crease of the distance between the oscillating 
members of one and the same row causes 
an increase of the volume of the acoustic 
25 chambers. Thereby the energy apphedto 
the particular row of oscillating members 
and acoustic chambers respectively is in- 
creased, this resulting in an increase of the 
amplitude of the acoustic waves occurrmg 
30 in flie chambers, but resulting also m a re- 
duction of the operating frequency. It is 
further possible to radially or peripherally 
perforate all or some of the oscillating mem- 
bers, this measure resulting m a further very 
35 intensive oscillation produced by mterter- 
ence. Therefore, there are numerous ^ssi- 
bilities of adjusting the kinematic effects 
directly acting on the structure of the sub- 
stances to be treated, particularly on the 
40 solid components thereof, and also of ad- 
iusting the simultaneously acting acoustic 
irradiation of the material. As an example, 
a generator according to this invention com- 
prising six rows of oscillating members and 
45 acoustic chambers respectively, viz: three 
rows on the rotor and three rows on the 
stator or on a second rotor rotating m oppo- 
site direction, was able to disintegrate to 
sinole fibres and to reduce the fibre bundles 
•Mlof^'a 5% cellulose in one single passage 
" through the generator, the cellulose being 
oreviously dissolved in a pulper and con- 
taining 30 to 40% of fibre conglomerations. 
It was found that in the so obtained and dis- 
ss intearated cellulose the fibers were practic- 
ally-not damaged and paper on card-board 
produced with the so prepared cellulose had 
a strength of more than 300% of products 
made of ceUulose disintegrated with known 
60 methods. Other properties of the products 
so obtained ate excellent. The energy re- 
quired for treating the cellulose with the 
method of this invention was smaller than 
the energy required for carrying out similar 
,65 known methods. 



Bv accurate measurements it was found 
that the power dissipation of the generator 
according to this invention in the examples 
sefout above and described hereinafter was 
otL order of 40 kW. . This .total pow^ 70 
corresponds to a power dissipation of 84 w 
pet osSlating member of the generator at a 
total operating frequency of 2,370,OUU 
cycles/second. Such a specific power sub- 
stantially exceeds the power dissipation of /5 
piezoelectric and magnetostnctive and 
other sound generators. 

The embodiment shown in Fig. 4 dilters 
from the apparatus shown m Figs. 1 to j 
substantially by the following features: W 

The generator has only two rows of oscil- 
lating members and acoustic chambers re- 
spectively on its rotor and sUtor, the rotor 
carrying rows 4 and 5 and the stator cany- 
m" rows 17 and 32. Row 32 consists of a 85 
ri^g having holes 33. the webs eft between 
such holes constituting the osciUating mem- 
bers of row 32. Some of the oscillating 
members 4 of the rotor are eqmpped with 
knife-shaped extensions 34, but such exten- 90 
sions may be omitted when n<^ required for 
the specific treatment. The extensions 34 
shown in Fig. 4 cooperate with tools 35 
attached to the suction tube 25. such tools 
having fOT instance the shape of cutting » 
iaws. tooth-shaped. serrated or similarly 
shaped projections or of recesses. The tw>ls 
allows a more intensive prelimmary dis- 
integration of the incoming substances than 
would be possible with the extensions 34 100 
only. As indicated in dotted Imes m Fig. 4 
the suction tube 25 may generally be of 
smaller diameter and may be conicaUy 
widened in front of the inlet opening of the 
sound generator in such a way that the m- 1U5 
coming substances are fed into the o^ratmg 
range of the members 34 and 35. The ex- 
planations given above in connection with the 
embodiment of Figs. 1 to 3 similarly apply 
to the embodiment of Fig. 4. Api>ara us as 110 
shown in Fig. 4 is particularly suitable for 
disintegrating lump substances, such a 
kaolin, or for rapidly saturating sohd 
materials with binding matenals and the 
like 

In the embodiment shown in Fig. 5 the 
driving shaft 1 is extended into the suction 
tube 25 through a conical hub 36 of the 
rotor 2, the extension of the drivmg shaft 1 
carrying a pump rotor 37 having screw- 120 
shaped blades by which the substances to 
be treated are fed for in^nce from a con- 
tainer through the suction tube 25 to the 
sound generator. A stationary distributor 
38 having guide vanes bent m a sense oppo- i^a 
site to the bending of the blades of the pump 
rotor 37 is provided for imi^oving the ™mp- 
ine effect of the pump. However, the distri- 
butor 38 may be omitted when sufficient 
pumping effect is obtained vnthout it. Axi- 13i> 
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ally disposed guide baffles 39 are arranged at 
tlie inside of the suction tube 25, such guioe 
Ser Dreventing or reducing rotation ot 
?he subsSs fed into the sound generator. 
5 However S guide baffles 39 may also be 
om ted under Articular circumstances A 
nroSler 40 is &xcd at the free end of sha 
f f^ when the greater pumpmg head or 
pressure has to produced or when the 
10 ELces are par^^^rly dfficult to ^^^^^^ 
because of their structure. The edges oi me 
p Skr blades may be ^^^^f^^^ ^ 
they simultaneously cut and feed the siib- 

15 ''Tthe embodiment of Fig. 5 the osciUat- 
ino members 18 of the stator are vebs 
c LS at both ends. The same explana- 
S apply for this embodiment as given 
atove in connection with the embodiment of 

"^'fh/et^bodiment shown in Fig. 6 has two 
rotors 41 and 42 rotating in opposite direc- 
Snfin tead of a stator cooperating with 
oSe single rotor. Rotor 41 is disposed on 
■^5 ?he suction side of the generator and is fixed 
on a driving shaft 44 rotatably mounted in 
nie casing 43. whereas rotor 42 equipped 
with Sllating members 45 and 46 is fixed 
rn a drivin" shaft 47 rotatably mounted in 
30 he cas S 43 and adapted to be driven m a 
3 reSon'opposite to the rotation of shaft 44^ 
\ feeding and measuring worm 49 is hxed 
on shaft 44 and is disposed m the. range of 
°he suction tube 48. By proper choice of the 
35 pitch of this feeding and measurmg worm 
the quantity of substance or substances flov^ 
ng1)r pressed into the generator may be 
accurately adjusted. When, for example, the 
SpLly fi led casing of the feeding worm 
40 contains 1 liter of a flowing substance and 
when the pitch of the worm equals one half 
of the axial length of the worm casing half 
the contents of the worm casing, that is ^ 
Zr of the substance is fed to the genegor 
45 for every full rotation of shaft 44. The feed- 
in" blades 53 of rotor 41, carrying the row 
50 of oscillating members 51 and 52, impMt 
to the entering substances a high circuin- 
lereJcial velocity in a direction °pp^"«;« 
50 the rotating direction o rotor 42. jTiercfore 
the substance fed against rotor 42 by the 
blades 53 is first smashed on the oscillating 
members 45 and, according to the kind ot 
the substance, is already dismtegrated mto 
55 coarse or fine particles. The further treat- 
ment in the generator is substantially as de- 
scribed in connection with the other embodi- 
ments. The treated substance discharged 
from the row 52 flows into the collecting 
60 canal 54 from where it is removed through 
the outlet pipe 55. . ■ 

The four embodiments described above 
are adapted to operate with a horizontal, 
vertical or inclined rotating axis. 



An example of the. operation of the 65 

apparatus : 
It is assumed in this example, that the 
aciu^ cTradiating apparatus has tour con- 
cent" c rows of oscillating members and 

Srs^nVaccSgly relatively wide 
tSing chambers. The next row of osc. - 

t nna last row has 200 oscillating mem- 
ber? m pe%heral thickness of the 
Slating members and of the acous^K 
cSSdilfers in this cmbodmieg 
row to row and it is assumed that this thicK 
nMs or width decreases from 10 mm at the 
fn^Lmcrt row to 2 mm at the outermost row 
of 3S members and acoustic cham- 85 
her^teoectively- The difference m rotating 
SdSS tlie rotor and stator or two 
rotors respectively is assumed to be 3000 
rS Pfom the'se data a total frequency 

jyilooTlXlsO-H 150. 200). 3000 



60 



- 0 370,000 cycles/second is obtained 

f hi total frequency of the gencratoi of 
23?0 kiioUs/second P^Sr fo7af a 95 
out a liquid contained m the generator ai a 
veloci/y'of about 

.^ortir1p<! at a ve bcity of up to 4500 m/sec. 
'^ According to the kind of substances to be 
treated or to the power requirements, the 
oscSin" members and acoustic chambers 100 
Sc vely may be distributed onto more 
«r '^S rows of oscillating members and 
acoSc cSbers respectively.. Variations 
in tSistribution of the oscillating members 

rhamben may also be due to construe- 105 
;"vt rSlSents or requirements concern- 
ine the general oscillating properties, and 
Z dWion may for instance depend on 
the oscillating properties and on the mater 
sM ftf the oscillat ng members. Thus, ine n" 

tSal ^ mber of oscillating memb^s 
mav be distributed onto six, eight, ten or 
more row^ whereby various divisions and 
var ou^ dtaensions of the oscillating mem- 
bereTnd of the acoustic chambers are pos- 115 

fxLple 1 of the method according to the 
invention' , 

II liters per second or 40.000,l't«t°2 PO 
sub tance per hour are fed through the 120 
appamus described in. the preceding «^ 
ample continuous feeding of the substance 
S" obtained by the centrifugal accelerat- 
Kffectof the generator itself, and, when- 
Sr1equired.by the additional feeding effea 125 
of pumps disposed upstream or downstream 
of the generator, it being further possible to 
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regulate the flo^ the whole flow system by 
manually or automatically operable or oper- 
ating regulating devices. 
The quantity of substance of 11.0UU,uuu 
5 nigr per second flowing through the appara- 
tus is treated with a total of 2,370,000 pulses 
corresponding to an acoustic Eradiation at 
a frequency of 2,370,000 cycles/second. 
Since this high-frequency acoustic irradia- 
lOtion in the supersonic range is pro- 
pagated through the liquid componets of the 
contents of the apparatus at a velocity of 
1500 m/scc. and through the solid compon- 
ents of the substances at a velocity of up to 
15 4500 m/sec. in all directions to the boundary 
surfaces of the space, that is the inner sur- 
faces of the apparatus, each particle is 
acoustically irradiated at a frequency of 
2,370.000 cycles/second. This clearly shows 
20 why mixtures having higher concentration 
of solid materials are treated more intensiv- 
ely and more perfectly than mixtures having 
a small content of solid material because the 
velocity of propagation of acoustic waves in 
25 solid particles is about three times higher 
than in a liquid. Accordingly it was found 
by experiment that under similar treating 
conditions a 6% cellulose is better homogen- 
ized than a cellulose having a concentration 
30 of 2% only. 

In the present example a mixture of kaolm 
and water having a cencentration of 20% 
kaolin is fed through and treated in the 
apparatus at the above mentioned flow speed. 
35 The particle size of the kaolin ranges be- 
tween 20 and 1 mm. The larger particles 
are reduced by shearing, bumping, smashing, 
friction and cavitation into still heterogene- 
ous particles having maximum sizes of the 
40 order of millimeters, when such larger 
particles enter the inner row of oscillating 
members and acoustic chambers respectively, 
the division of such inner oscillating mem- 
bers and chambers being a relatively coarse 
45 one. Simultaneously the mbcture of water 
and kaolin is subjected to the above des- 
cribed high-frequency acoustic irradiation 
occurring in the apparatus. Many experi- 
ments have shown that during the transit 
50 time of one second of the mixture through 
the apparatus the kaolin is homogeneously 
decomposed and suspended in the water at a 
particle size in the order of microns. 
Example 2 of the method according to the 
55 invention : 

Cellulose pulp, coarsely dissolved in water, 
obtained for instance from non-sorted waste 
paper and having a concentration of 5% is 
fed to the apparatus after dirt and metal 
60 particles have been removed, the feeding 
velocity being controlled by manual or auto- 
matic regulation of one or more regulating 
members. The cellulose pulp is thus sub- 
jected to the above described kinematic 
65 effects and to the acoustic inadiation. 
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The net volume of the casing of the 
apparatus after deduction of the volume of 
the active parts of the generator is four liters 
Therefore, at any time, four liters of the 
coarsely dissolved cellulose are always con- 70 
tained in the generator and are subjected o 
the high-frequency kinematic effects ana to 
the acoustic irradiation. The cellulose pulp 
is continuously fed to the apparatus m the 
form it is obtained from a dissolver, pulper 75 
or the like, whereby tubs, cleaners, concen- 
trators and the like may be provided between 
the dissolver and the apparatus according to 
the invention. The flow speed is so adjusted 
that the contents of the apparatus are com- 
oletelv renewed in 0.36 seconds, that is that 
four liters per 0.36 sec. or 40,000 liters per 
hour are fed to the apparatus. In this man- 
ner, each particle, for instance each milli- 
gram of the volume is treated by 853,200 
pulses during its passage through the appara- 
tus Assuming that the particles of the sub- 
stance first have the size of 1 mgr, each 
853,200 acoustic pulses will also act on each 
separate particle during its passage through yu 
the appafatus, which corresponds to 
2 370,000 acoustic pulses in one second. It 
was found by many experiments that during 
the transit time of 0.36 seconds of the sub- 
stance the above mentioned particles, such as 95 
flakes, agglomerations of fibers, bundles or 
shives are completely disintegrated down to 
the obtention of single fibers and to the com- 
plete reduction of shives. If another degree 
of preliminary dissolution of the cellulose 100 
pulp or the resistance of the shives or bundles 
of fibers must be assumed, or when another 
degree of final disintegration, reduction of 
shives or bundles of fibers, milhng effect, 
swelling or the like results is desired, the in- 
tensity of the treatment may be increased by 
repeating the treatment or by increasing the 
rotating speed of the apparatus, or the inten- 
sity of tlie treatment may be reduced or 
otherwise changed by reducing the rotating 
speed, by changing the radial gap between 
the rows of oscillating members and acoustic 
chambers respectively, such a variation of 
the gap width being possible by the well 
known measure of axially shifting the rows 
of oscillating members and acoustic cham- 
bers relatively to each odier. 
Example 3 of the method according to the 
invention : 

This example stands generally for chemi- 
cal reactions and is concerned with a re- 
action between a base and an acid whereby 
a gel or coagulation is formed simultane- 
ously. , . , J 

In accordance with this example produc- 
tion of silica for different well known pur- 
poses, such as a filler for collors. paper, rub- 
ber and so on or as a suspended or suspen- 
sible matter for increasing the stability of 
solutions emulsions and mixtures of various 



105 



HQ 



115 



120 



125 



120 



10 



891.152 



kinds is carried out as follows: An alkali 
fhe inlet pipe of the same. The m^^^J^ 

'AddSaHnlet pipes for feeding the neces- 
«rv acid into the apparatus may be intro- 

of the apparatus m ordf to obta>n Ant ^n^ 
SjTthTarl ffdfn oTeapJa'ratus. vLn 

generator. By su«aD'e j ^y^^jng 
SSs?nf acoLt* chSers respectively 
JnTctf the tran^^^ time of the substances 
50 ?hrouJ Se senerator tl. recg^^^^^^^ 
of the soontaneously tonned siUca to exi-ci 

e y small pjrtide sizes is POf^*!?:^^, 
use of the method according to tos example 

iliZl other regents te rffc«»S f^'!''' 
65 Sbte pl.ci of UiecMngottheappaiams. 



hfc. mtboul *panl?S I"™ 

ci^,«ilnr effects as described above, such as 
n es acous ic waves, shearing., snjash.ng 
"Sion and so on may be obtained ^ he 
relative rotation of the rows of oscil'"'ng 
nembers and acoustic treatmg chanjbe" res- 105 
nectively. Since it is possible " J/i's,)^?^ 

Sain higher numbers ^nd pos^^^^^^ 
<;ize of acoustic chambers, op^^^^^^f, 'JZ 

'"Tn*^* obtain she.™, rubbin, and 
noSbTpan-srinding cStas. which eilBts. u, 
K applledin the prodaet on ot cellnte_ 

ca'l S-shaped or terraced design so rtiat 
?Sgap width between surrounding rows r^ay 
Se cllged by relative axial d.sp»nt o 1.5 

SesTvlJ.^ smlu -lues ^whi^ latter 
^liearins friction is obtained. The cages oi 
auSome of the oscillating members and 130 
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the rubbing surfaces of the oscillating mem- second or of the first stage and shutting off 

bers of surrounding rows may further be the outlets of the following stages so that the 

toothed, serrated, roughened or provided new substance is now treated in the first and 

with recesses in order to increase attack of second or only in the first stage of the 

5 certain substances to be treated in the gener- apparatus, while the other stages are ren- 70 

ator. Further, the oscillating members of the dered inoperative by shutting their outlet 

rows may be corrugated, bent concavely or valves. 

convexly and such oscillating members may Fig. 7 of the attached drawings shows, by 
be of highly elastic material. A high elas way of example, an apparatus comprising 
10 ticity or resilience of the rows and oscillating three stages 57, 58 and 59 of generators hav- 75 
members respectively may be obtained by ing rows of oscillating members and acoustic 
the use or the addition of materials having chambers respectively. The above men- 
high elasticity, such as rubber, plastic mater- tioned guide discs 60 are disposed between 
ials, spring metal or the like. In order to the stages. The flow of the substances 
15 protect the inner surface of the apparatus, through the multi-stage apparatus is indie- 80 
contacted by the substances to be treated ated by the arrows P. A feeding and 
therein, against abrasion or corrosion and pressure worm 63 fixed near the left end of 
similar effects, such surfaces may be covered the driving shaft 61, is provided in the inlet 
with a hard or elastic, corrosion- and abra- 62 to the &st sts^e of the apparatus. 
20 sion-proof protecting layer. In many industries, for instance in the 85 
The apparatus according to this invention cellulose producing industry, it has often 
may also be designed as a multistage unit, been necessary to arrange two. three or more 
this being for instance possible by adding one treating apparatuses of the same kind in 
or more treating stages in axial direction to series, the substance to be treated flowing 
25 an apparatus as shown in Figs. 1 to 5. In successively through all of these appara- 90 
this case, the substance or substances leaving tuses in order to be subjected to sufficient 
the outermost stator row of the first stage are treatment, for instance decomposing, pulp- 
fed back towards the driving shaft into the ing, fibrising. refinement and so on. In 
central hollow space of the rotor of the fol- general, feeding pumps and/or intermediate 
30 lowing treating stage, it being possible to containers are required between successive 95 
feed the substances from the. first to the treating apparatus. The multistage appara- 
second stage by a flat or more or less conical tus according to this invention allows such 
guide disc closing the first stage on its side expensive treating plants to be omitted and 
opposite the inlet for the substances. In such at the same time allows an appreciable saving 
35 a multi-stage apparatus the substances may in energy and space, attendance of the 100 
be subjected repeatedly to a similar treat- apparatus is much simplified and the time 
ment. it being possible to render the treat- saving may be in many cases of up to 90% 
ment in following stages more intensive than as compared with the time required for treat- 
in preceding stages by suitable differences in ing the same quantity of the same substance 
40 the relative arrangement and design of the in the same way with known treating plants. 105 
oscillating members and acoustic treating While the invention has been described 
chambers. The substances may leave the and illustrated with reference to specific 
peripheral row of oscillating members and embodiments thereof, it will be understood 
acoustic chambers respectively of the last that other embodiments may be resorted to 
45 stage of the apparatus in radial, tangential or without departing from the invention. Tliere- HO 
axial direction under the action of the fore, the forms of the invention set out above 
pressure of the following substances. The should be considered as illustrative and not 
discharge velocity and quantity of a multi- as limiting the scope of the following claims, 
stage apparatus may be controlled in the WHAT I CLAIM IS: — 
50 manner described for the single stage appara- 1. A method of continuously changing the 115 
tus, such as by provision of a discharge regu- structure of gaseous, liquid and/or solid sub- 
lating valve or any suitable similar device. stances or mixtures of such substances, com- 
The casing of each stage of the multi-stage prising distributing portions of the substances 
apparatus may be equipped with a radial or into a plurality of chambers disposed on a 
55 tangential outlet, the outlet of each stage generally circular line, subjecting the sub- 120- 
being adapted for individual or common stances while within said chambers to oscil- 
regulation, whereby the outlets may com- lators in a direction generally tangential to 
pletely be shut off. Thereby it is possible the circular line, transferring portions of said 
to treat a substance needing particularly in- substances from said chambers into a plural- 
60 tensive treatment in three stages put in series, ity of further chambers radially spaced from 125 
the treated material being discharged from said first chambers on a generally circular 
the third stage, and, without shutting down line substantially concentric with said first 
the apparatus it may be adapted for treating line, and subjecting said substances while 
another substance requiring less intensive within said further chambers to oscillators in 
65 treatment by simply opening the outlet of the a direction generally tangential to the 130 
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second-mentioned line. 

2. A method as claimed in claim I, in 
which the transferring of the substances from 
the first plurality of chambers into the second 

5 is effected by relative displacement of the 
first and second pluralities of chambers. 

3. A method as claimed in claim 1 or 
claim 2, in which the second plurality of 
chambers consists of more chambers than 

10 the first. 

4. A method as claimed in any of claims 
1 to 3, in which the frequency of the oscilla- 
tions is greater in said second plurality of 
chambers than in the first. 

15 5. A method as claimed in any of claims 
1 to 4, in which the transfer of substances 
from the first plurality of chambers to the 
second is effected through a slit which is 
periodically opened momentarily. 

20 6. A method as claimed in any of claims 
1 to 5, in which the total flow of the sub- 
stances through the chambers is collectively 
controlled. 

7. A method as claimed in any of claims 
25 1 to 6, in which the chambers of at least 
one set are rotated collectively about the 
common centre of the substantially concen- 
tric lines and the intensity of the oscillators 
is varied by varying the speed of rotation. 
30 8. A method as claimed in any of claims 
1 to 6, in which the intensity of the oscillators 
is controlled by varying the gap between tiie 
first and second lines of chambers. 

9. A method as claimed in any of claims 
35 1 to 8. in which additives for reaction or ad- 
mixture with said substances are introduced 
into contact with said substances during 
oscillation of the latter. 

10. Apparatus for carrying out the method 
40 of any of claims 1 to 9, comprising a first 

plurality of chambers disposed on a generally 
circular line, a second plurality of chambers 
radially spaced from said first chambers on a 
generally circular line substantially concen- 

45 trie with said first line, the chambers within 
each plurality of chambers being separated 
by oscillatory members, and means for rotat- 
ing at least one of the sets of chambers col- 
lectively about the common centre of the two 

50 lines. 

11. Apparatus as claimed in claim 10, in 
which the second plurality of chambers con- 
sists of more chambers than the first. 

12. Apparatus as claimed in claim 10 or 
55 claim 11, in which the second line is of 

greater diameter than the first. 

13. Apparatus as claimed in claim 12, in 
which at least some of the oscillatory mem- 
bers are adapted to be set in oscillation by 

60 the passing of two members in different lines. 

14. Apparatus as claimed in any of claims 
10 to 13, having an outlet surrounded by a 
surface which reflects sound waves. 

15. Apparatus as claimed in any of claims 
65 12 to 14. having a suction-fed inlet and hav- 



ing a collecting channel surrounding the 
outermost line of chambers. 

16. Apparatus as claimed in any of claims 
10 to 15, having a manually or automatic- 
ally operable flow regulator on the feed side 7C; 
of the apparatus. 

17. Apparatus as claimed in any of claims 
10 to 16, in which the different sets of oscil- 
latory members are designed to oscillate at 
different frequencies. 75 

18. Apparatus as claimed in any of claims 
10 to 17, in which the rotary set of cham- 
bers carries knife-edged extensions cooperat- 
ing with projections on, or recesses in, the 
stationary part of the apparatus. 80 

19. Apparatus as claimed in any of claims 
10 to 18, in which the spacing between the 
sets of chambers is variable. 

20. Apparatus as claimed in claim 19, in 
which each set of chambers is disposed about 85 
a surface of varying diameter and the spac- 
ing between the sets of chambers is varied by 
relative axial displacement of the sets. 

21. Apparatus as claimed in any of claims 

10 to 20. in which the spacing between the 90 
sets of chambers is non-uniform. 

22. Apparatus as claimed in any of claims 
10 to 21, in which some of the chambers are 
separated by oscillatory members having 
sharpened leading edges. 95 

23. Apparatus as claimed in any of claims 
10 to 21, in which some of the chambers are 
separated by oscillatory members having 
rounded-off leading edges. 

24. Apparatus as claimed in any of claims 100 
10 to 21, in which some of the chambers are 
separated by oscillatory members having 
irregular, e.g. serrated, leading edges. 

25. Apparatus as claimed in any one of 
claims 10 to 24. in which some of the cham- 105 
bm are separated by bent oscillatory mem- 
bers. 

26. Apparatus as claimed in claim 25, in 
which the oscillatory members are corru- 
gated. U(: 

27. Apparatus as claimed in any of claims 
10 to 26, in which some of the chambers are 
separated by oscillatory members which are 
perforated. 

28. Apparatus as claimed in any of claims 1 1: 
10 to 27. having an axially disposed conical 
member to guide the substances to be treated 
into the first set of chambers. 

29. Apparatus as claimed in any of claims 

10 to 28. fed by a pump rotor. ^ 120 

30. Apparatus as claimed in any of claims 
10 to 28. fed by a screw conveyor. 

31. Apparatus as claimed in any of claims 
10 to 30, having a rotary propeller at the in- 
let side of the apparatus. 125 

32. Apparatus as claimed in any of claims 
10 to 31, having at least one subsidiary inlet 
for introducing additives for admixture or 
reaction with the substances to be treated. 

33. Apparatus as claimed in claim 32, 130 
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having a regulating or measuring device in 
the subsidiary inlet. 

34. Apparatus as claimed in any of claims 
10 to 33. of which the parts coming into con- 

5 tact with the substances being treated are 
coated with an abrasion- or corrosion- 
resistant material. 

35. Apparatus as claimed in any of 
claims 10 to 34, in which the total volume 

*0 of the chambers in each set increases from 
the inlet side to the outlet side of the ap- 
paratus. 

36. Apparatus for carrying out the 
method of any of claims 1 to 9, substantially 

15 as hereinbefore described with reference to. 
and as illustrated in. Figs. 1 to 3 of the 
accompanying drawings. 



37. Apparatus for carrying out the 
method of any of claims 1 to 9, substan- 
tially as hereinbefore described with refer- 20 
ence to, and as illustrated in Fig. 5 of the 
accompanying drawings. 

39. Apparatus for carrying out the 
method of any of claims 1 to 9, substan- 
tially as hereinbefore described with refer- 25 
ence to, and as illustrated in. Fig. 6 of the 
accompanying drawings. 

40. Apparatus for carrying out the 
method of any of claims 1 to 9, substan- 
tially as hereinbefore described with i^er- 30 
ence to, and as illustrated in. Fig. 7 of the 
accompanying drawings. 
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